The objective of this study was to evaluate the effect of different levels of crude cottonseed oil in isoenergetic diets, with or without supplementation of ferrous sulfate, on performance variables, relative weight of organs, and blood parameters of broilers, and on the economic viability of diets in the periods from 1 to 7 and 1 to 21 days of age. A total of 600 male birds of the Ross line were distributed in a completely randomized design in a (4×2) factorial arrangement with eight treatments (0, 2, 4, and 6% cottonseed oil with and without ferrous sulfate), and five replicates. The following variables were studied: feed intake, weight gain, feed conversion, weight of organs, blood parameters, and yield of carcass and cuts at 21 days. No effects of the levels of cottonseed oil were found on the performance of animals aged 1 to 7 days, or on the relative weights of the organs. In this same period, the weight gain, and the relative weights of heart, liver, and intestine of the animals that received ferrous sulfate were decreased, and feed conversion was worsened. In the period from 1 to 21 days, weight gain increased linearly with the increase in the levels of cottonseed oil. Blood parameters were not influenced by the diets. Crude cottonseed oil can be utilized in diets for broilers in the periods from 1 to 7 and 1 to 21 days of age at up to 6% of inclusion, and supplementation with ferrous sulfate is unnecessary if the differences in metabolization of the cottonseed oil are considered, with and without, it during the diet formulation process.
Introduction
Corn is one of the most commonly utilized raw materials in the formulation of diets for monogastric animals, as an energy food, together with soybean meal, the main protein ingredient.
Materials and Methods

Ethics Statement
This study was conducted in strict accordance with the recommendations of the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. The protocol was approved by the Ethics Committee in Animal Experimentation of the Federal University of Piauí (Piauí, Brazil) under the number 030/12.
Birds and Housing
The experiment was conducted in the poultry farming section, at Federal University of Piauí, located in Bom Jesus-PI, Brazil. A total of 600 male Ross chickens were utilized in a completely randomized design in a 4 × 2 (four levels of oil, with or without ferrous sulfate) factorial arrangement with five replicates of 15 birds per experimental unit. Birds were housed in 2-m 2 boxes containing bunk feeders and pendulum-activated drinkers, located in a masonry shed covered with ceramic tiles and with cement floor. The dividers between the boxes were made of flat wire mesh, and curtains were used to control the temperature and drafts. The four levels of cottonseed oil were 0, 2, 4, and 6%, considering the energy requirement of each phase recommended by Rostagno et al. [10] . Ferrous sulfate (Fe 2 (SO 4 ) 3 ) was included at the level of 0.1%, in accordance with Santos et al. [11] .
Diets and Feeding Program
The experimental diets were formulated to meet the nutritional requirements of the broilers in the studied phases, following Rostagno et al. [10] recommendations (Tables 1 and 2 ). The cottonseed oil utilized was obtained by the mechanical pressing method; it contained 1.2% gossypol and 9,120 kcal/kg gross energy. In the formulation, the composition of ingredients described in Rostagno et al. [10] was adopted, except for the cottonseed oil, in which the metabolizable energy content of 7,732 kcal/kg determined in a previous study was considered for the crude cottonseed oil without ferrous sulfate, and 8,270 kcal/kg for the cottonseed oil with ferrous sulfate.
Data and Sample Collection
Humidity and maximum and minimum temperatures within the shed were monitored by a thermo-hygrometer placed in the center of the shed at the height of the back of the birds. Readings were taken daily. Water was supplied ad libitum, and changed twice to prevent heating and fermentation. A continuous lighting program (natural + artificial light) was adopted, and diets were also supplied ad libitum.
At the end of the experimental phases, the following variables were calculated: feed intake (FC), obtained as the difference between the amount of feed supplied and the orts; weight gain (WG), determined as the difference between the weights of the birds at the end and start of the phase; and feed conversion (FC), calculated based on the feed intake and weight gain data in the period. The FI and average WG were calculated as a function of the number of birds per plot, and, in cases of mortality, they were defined as a function of the corrected number of bids as described by Sakomura & Rostagno [12] .
At 7 and 21 days of age, one bird having weight close to the average weight of the experimental plot (in a total of five birds per treatment) was slaughtered by cervical dislocation after 6 h of feed deprivation, so the organs (heart, liver, gizzard+proventriculus, bursa, spleen, pancreas, and intestine) were removed and their relative weights were determined in relation to the live weight of the feed-deprived birds.
At 21 days of age, three birds having weight close to the average weight of the box were slaughtered after being deprived of feed for six hours, for the evaluation of the yields of carcass and cuts. After the feed-deprivation period, the birds were weighed individually to determine their live weight, and then they were slaughtered, bled, and plucked. The carcass yield was defined as the ratio between the eviscerated-carcass weight and the weight of the feed-deprived bird. To define the eviscerated-carcass weight, the weight of the feed-deprived slaughtered bird without feathers, organs, head, neck, and feet was considered. Soon afterwards, the breast, drumstick, thigh, and wings were cut and weighed. The yield of the cuts was determined in relation to the weight of the eviscerated carcass. On the 17th, 18th, 19th, 20th, and 21st days of age, 3 mL of samples were collected from the jugular vein of one bird per experimental unit, totaling five birds per treatment. The anticoagulant ethylenediaminetetraacetic acid (EDTA) was used in the proportion of 0.1 mL to 1.0 mL of blood for the blood collection. The following hematological tests were performed: erythrocytes and leukocytes count, using the blood sample and 0.1% Toluidine Blue in a 1:200 dilution, with the count performed (N/mL) in a Neubauer chamber; packed cell volume (PCV), determined by refractometry, using the plasma from the same microhematocrit capillary tube [13] ; and hemoglobin concentration, by the cyanmethaemoglobin method [14] . With these results, the following Wintrobe's [15] RBC indices were calculated by using standardized formulae: mean corpuscular volume (MCV), and mean corpuscular hemoglobin concentration (MCHC). 
Statistical Analysis
All data were analyzed using the mixed-models procedure of SAS (Statistical Analysis System, 9.1). Data were analyzed using a factorial effects model that included FS inclusion (two levels), CO inclusion (four levels), and all two-way interactions as fixed effects. Orthogonal polynomial contrasts were used to assess the significance of linear or quadratic models to describe the response of the dependent variable to increasing CO levels. When appropriate, means were compared using Tukey's significant difference with an α level of 0.05.
Results and Discussion
The average values for maximum and minimum temperatures and relative humidity of the air recorded within the shed in the period from 1 to 7 days were 32.4°C, 25.4°C and 76.93%, respectively. In the period from 8 to 21 days, the observed maximum and minimum temperatures were 33°C and 25°C, respectively, with 78.2% humidity.
No interaction was observed (p>.05) between the addition of ferrous sulfate (FS) and the levels of cottonseed oil (CO) for the variables feed intake (FI), weight gain (WG), and feed conversion (FC) in the period from 1 to 7 days of age (Table 3) . Feed intake, weight gain, and feed conversion were not influenced (p>.05) by the level of inclusion of cottonseed oil in the diet. Regarding the addition of ferrous sulfate, no effect was observed on feed intake (p>.05), probably because this compound did not affect the palatability of the diet in the amount added, although some authors have reported a significant decrease in feed intake by layer hens in the period from 24 to 28 weeks as the level of iron in the diets was increased [16] .
Weight gain and feed conversion were impaired by the supplementation of iron (p < .05) ( Table 3 ). According to Yang et al. [17] , basal diets for broilers without iron addition frequently have greater amounts of iron than the 80 to 120 mg/kg recommended by National Research Council [18] . In this context, additional supplementation of minerals like copper, zinc, Table 3 . Effect of levels of cottonseed oil (CO) with or without addition of ferrous sulfate (FS) on feed intake, weight gain, and feed conversion of broilers from 1 to 7 and 1 to 21 days of age. manganese, and iron may change the expected performance of animals, since alterations in their basal-diet levels can affect the processes of digestion and absorption in the duodenum, the main site of absorption of nutrients. Considering that very young animals absorb almost the entire iron dose administered [19] and that the formation of free radicals in response to ferrous components in the organism has been suggested as an iron-intoxication mechanism [20] , it is assumed that the supplementation of iron in diets for broilers in the pre-starter phase might have been detrimental to the performance of these animals, due to the high iron content in diets with ferrous sulfate (388 mg/kg). An experiment with broiler chickens aged 1 to 39 days was carried out to evaluate the effects of dietary supplementation of ferrous sulfate on performance, in which the diets were formulated based on corn and soybean, containing 107 mg iron/kg diet, and supplemented with 0, 20, 60, 180, 540, and 1,620 mg of iron. In the obtained results, it was found that weight gain increased with the addition of 20 to 60 mg of Fe/kg to the diet; however, higher the supplementation levels led to an increasing reduction of growth. In this study, the apparent iron requirement was 100 mg/kg diet (80 mg from dietary components and 20 mg from supplemented iron). These results were similar to those found in the present study, indicating that excessive amounts of iron in broiler diets may compromise their performance [21] .
Because the responses of the birds fed diets containing 2, 4, and 6% cottonseed oil were similar to those of the birds fed the control diet, formulated with soybean oil, it is assumed that up to 6% cottonseed oil can be included in diets for broilers in the pre-starter phase without impairing the performance of these animals, probably because the free-gossypol level present in the oil utilized and the period of consumption were not sufficient to cause undesirable effects, given that the intensity of its toxic action varies according to these factors [22] .
Another factor to be taken into account is the metabolizable energy content of cottonseed oil, which is not similar to that of soybean oil (which has around 8,700 kcal/kg, according to Rostagno et al. [10] , mainly because of its gossypol content. The use of soybean acid oil in broiler diets replacing soybean oil in equal amounts resulted in losses in animal performance, attributed to the different amounts of triglycerides to activate the entire bile secretion process and formation of micelles (in the case of soybean acid oil having only free fatty acids) and to the proportion of saturated and unsaturated fatty acids, thereby compromising the absorption of fat [23] , which did not occur in this study.
Knowing the toxic effects of gossypol, and considering that the maximum level of 720 mg/ kg in the diet with 6% cottonseed oil did not compromise performance, it can be inferred that the correction of the apparent metabolizable energy value of cottonseed oil is sufficient for the adjustment of the isoenergetic diets. Therefore, no supplementation of ferrous sulfate is required to minimize the toxic effect of gossypol.
The broiler pre-starter phase is marked by a process of body development and maturation of the digestive system, and so there is a greater need for high-quality feeds and nutrients. After hatching, animals have nutritional reserves from the residual albumen and yolk contained in the yolk sac, which can ensure its survival in the first days of life until they are adapted to independent feeding. However, they do not meet their nutritional requirements because of the immaturity of the gastrointestinal tract, especially concerning enzyme production. Therefore, the adequate nutrition must be provided during this phase so that the nutritional and energy requirements can be met and so that the animal performance is not negatively affected [24] .
With regard to the performance of the birds in the total period (1 to 21 days), no interaction was observed (p>.05) between the levels of cottonseed oil and the addition or absence of ferrous sulfate in the diets (Table 3) . Supplementation with ferrous sulfate did not influence (p>.05) the studied variables; additionally, the fact that the responses of the birds fed diets containing ferrous sulfate were similar to those that did not consume it suggests that there is no need for supplementation in this phase, assuming that the gossypol levels of the diets were not increased to the point of impairing the performance of animals. Similar results were obtained by Moreira et al. [1] , who evaluated the substitution of soybean meal for cottonseed meal with and without addition of ferrous sulfate in the feeding of pigs in the initial production phase and found that dietary supplementation of iron did not influence the response of the animals, because the amount of free gossypol in the meal was below 400 ppm. Another hypothesis is that its absorption by the animals was lower in this phase, not reaching the point of causing intoxication capable of reducing the animal performance, as observed from 1 to 7 days.
No influence (p>.05) of the levels of cottonseed oil were observed on feed intake in this phase; however, although the diets were isoenergetic, weight gain increased linearly (p = (Table 3) ; thus, the addition of cottonseed oil provided an increase in the amount of essential fatty acid and in the use of liposoluble vitamins, which can improve performance. The increase in weight gain and improvement in feed conversion caused by the inclusion of lipids in the broiler diet may be related to their extra-caloric and extra-metabolic effects. These effects are responsible for increasing the availability of dietary nutrients and improving the energy efficiency as a result of the increase in net energy, which in turn is attributed to the low heat increment of the fats, due to their metabolism [25] . The presence of lipids in the duodenum stimulates the release of the hormone cholecystokinin, which provides an increase in the release of pancreatic enzymes such as protease, lipases, and amylases, consequently improving the utilization of nutrients like carbohydrates and proteins. In addition, fats reduce the food passage rate, and thus they remain longer under the action of the digestive enzymes, thereby increasing the processes of digestion and absorption of nutrients, which has a positive influence on the response of the birds [26] . Murakami et al. [27] observed a linear increase in weight gain with subsequent improvement in feed conversion in the initial rearing period of broilers fed diets containing increasing levels of linseed oil in the period from 1 to 42 days of age, which is also explained by the extra-caloric value of the fats.
No interaction (p>.05) was observed between the cottonseed oil levels and the supplementation or lack of supplementation with ferrous sulfate on any of the carcass or cuts yield variables, or any influence of the levels of the oil or addition or non-addition of ferrous sulfate (p>.05) ( Table 4 ). This indicates that cottonseed oil can be included at up to 6% in diets for broilers with no need for inclusion of iron salts, since it does not lead to losses in the yields of carcass, breast, drumstick, thigh, or wings of the birds. Similar results for yield of carcass and cuts were obtained by Lara et al. [28] and Duarte et al. [29] , who evaluated carcass yield of broilers fed different lipid sources (beef tallow, poultry offal fat, and crude soybean oil) and concluded that these sources did not influence the yield of carcass and cuts or the abdominal fat of the birds. This implies that the costs, the quality of the fats, and the effects that they may have on the performance, yield, and quality of animal carcasses are factors that should be considered when deciding which lipid to utilize in the formulation of broiler diets.
No interaction was observed (p>.05) between the levels of the oil and addition or absence of ferrous sulfate on the weight of the organs of the broilers at 7 days of age. The relative values of organs and intestine length of the birds in this phase were not influenced (p>.05) by the levels of cottonseed oil added to the diet. On the other hand, the addition of ferrous sulfate interfered (p < .05) with the weights of heart, liver, and intestine of these animals, which decreased (Table 5) .
It is known that iron is an element of great importance in the body because of the role it plays in the cells, and one of the functions of greatest relevance is the oxygen transport.
However, if on the one hand it is a vital element to the cell, on the other hand it may become extremely toxic because of its catalytic power on the formation of free oxygen radicals [30] .
The iron-excretion capacity is limited even in overload conditions; therefore, the progressive increase in iron uptake, be it gastrointestinally or parenterally, will certainly lead to the pathological condition of iron overload [31] , because excessive accumulation of iron in the tissues may trigger the formation of free radicals and result in progressive tissue damage in many organs [32] , leading to cases of liver cirrhosis, arthritis, and heart diseases [30] . In this regard, it has been suggested that iron excess, catalyzing a reaction known as the Fenton reaction, causes an accumulation of oxygen metabolism reactive species. Among these are the hydroxyl [33] , and lower relative weights of heart, liver, and intestine (main site of iron absorption) in animals at 7 days, which is the phase when animals absorb larger quantities of iron, which declines as they age [19] . At 21 days of age, there was no interaction (p>.05) between the levels of oil and the addition or absence of ferrous sulfate on the relative weights of the organs. The weight of the organs also was not influenced (p>.05) by the levels of cottonseed oil utilized to formulate the diets, or by the addition of ferrous sulfate (Table 6) .
No interaction was observed (p>.05) between the levels of the oil and the addition or lack of ferrous sulfate on the blood parameters of the animals at 21 days. Ferrous sulfate addition did not influence (p>.05) these parameters ( Table 7) . Cottonseed oil levels did not affect (p>.05) the relative weight of organs or the duodenum length in this phase. An effect of cottonseed oil levels was observed on the lengths of total intestine (TLI), jejunum (LJ), and ileum (IL), but the polynomial regression analysis did not indicate a linear or quadratic effect (p>.05) on these variables. However, some authors have stated that the addition of ferrous sulfate to the diet contributes to increasing the hemoglobin content in animals consuming diets containing gossypol [34] , which was not observed in this study, perhaps because the normal utilization of iron, through its chelating action, reduces the hemoglobin synthesis. Nevertheless, supplementing the diet with iron may spare the dietary iron so that it does not interfere with the blood parameters, which can even cause an increase in hematocrit, hemoglobin, and mean corpuscular hemoglobin concentration. This fact was observed by Moreira et al. [1] in pigs fed to diets formulated with cottonseed meal supplemented with ferrous sulfate (100 and 200 mg/100 kg diet), which provided a greater availability of iron for hemoglobin production as compared with the control diet, without addition of iron salts.
It must be stressed that the use of crude cottonseed oil in broiler diets will depend on variations in the price of this by-product in relation to the other ingredients (corn) and the vegetable oil utilized in the formulation of the diet. HR, heart; LV, liver; GZ, gizzard; BU, bursa; PA, pancreas; SP, spleen; IN, intestine; TLI, total length of the intestine; LD, length of the duodenum; LJ, length of the jejunum; LI, length of the ileum; CV, coefficient of variation. 
